A fast, highly efficient and environmentally friendly solvent-free procedure under microwave irradiation, using silica gel supported reagents for the synthesis of melamines with flexible aromatic N-substituents is developed. It is shown that both microwaves and silica gel accelerate the transformation studied. The synthetic approach presented herein has several advantages. It is a low cost protocol as using the cheap and easily available starting material, cyanuric chloride. The conversion is complete within 3 min, which leads to a serious energy saving. Hydrogen chloride is the only by-product, which makes the procedure an atom economy benign. This byproduct is quenched as ammonium salts during the reaction, thus preventing its release into the environment.
Introduction
The melamines, substituted 2,4,6-triamino-1,3,5-triazines, are an important class of organic compounds due to the broad variety of their applications: dendrimers, 1,2 probes for circular dichroism, [3] [4] [5] [6] UV-filters, [7] [8] [9] printing ink components, [10] [11] [12] superstructure assemblies, [13] [14] [15] [16] [17] [18] [19] [20] etc. They have displayed a wide range of biological activity profiles, such as anti-tumour, [21] [22] [23] [24] treatments for menopausal symptoms and postmenopausal osteoporosis, 25, 26 anti-metastatic, 27 antibacterial, [28] [29] [30] [31] [32] anti-inflammatory, [33] [34] [35] herbicidal, [36] [37] [38] [39] etc. Nowadays, melamines with aromatic N-substituents have shown to be effective as HIV replication inhibitors and are clinically used for prevention and treatment of HIV infection. [40] [41] [42] [43] [44] [45] Microwave assisted reactions have become an established tool in organic synthesis, since they achieve rate enhancement, higher yields and better selectivity compared with conventional heating. [46] [47] [48] [49] [50] [51] [52] The efficient, clean and economic solventless technique, [53] [54] [55] [56] [57] which avoids hazards of solution phase reactions, where high pressures are created in a microwave oven at elevated temperatures, is an environmentally benign condition preventing release of reaction products into the environment. Among the broad synthetic pathways, known for melamine preparation, 58 an efficient and expedite method is based on the nucleophilic substitution of chlorine atoms in cyanuric chloride, a rather cheap and easily available material, with different amines. [59] [60] [61] [62] [63] [64] [65] Recently, the microwave techniques have been applied and the transformation was achieved with significant rate enhancement and excellent conversion in solutions, 66 solventless, 67, 68 and on solid supports 69 as
well.
An efficient atom economy and environmentally friendly solvent-free protocol for the synthesis of a series of melamines with flexible aromatic N-substituents under microwave irradiation is presented herein.
Results and Discussion
The starting 2-chloro-4,6-dimorpholino-1,3,5-triazine (2) and 2,4-dichloro-6-morpholino-1,3,5-triazine (10) were prepared by replacing the chlorine atoms in cyanuric chloride with morpholine, according to a known procedure. 69, 70 Morpholine was chosen as a non-aromatic amine due to the observed anti-inflammatory activity of similar melamines, 35 which are described by the authors as "an aspirin of the 21 st century". The disubstituted product 2 was easily obtained by using morpholine both as a reagent and as a base, while in the case of 10 equimolar amounts of morpholine and carbonate as a base were used at 0 o C to achieve the monosubstitution selectively. The target melamines were afterward obtained in a solventless protocol under microwave irradiation. Thus, mixtures of a chloride 2 or 10 and an aromatic amine, initially impregnated onto silica gel support by solvent removal of the preliminary prepared dichloromethane solutions, were irradiated in a domestic household microwave oven in open vessels with a power of 800 W, to give the corresponding products 3-9 and 11-17, respectively, as shown on Scheme 1. The transformation proceeded very clean and fast. No side-product formation was detected. Complete conversion was observed within 3 min in all cases, which leads to a serious energy saving ( Table 1) . The products were isolated in excellent yields after a very simple work-up; the ammonium salt being filtered off together with the solid support. Analytical and fluorescent grade samples were obtained by purification on a high performance flash chromatography system. The efficiency of the synthetic protocol does not depend on the bulk of the amine used and on the type of the substituents inside the series studied. As can be seen on Table 1 , even the relatively hindered 1-naphthyl and 2-methoxyphenyl amines lead to quantitative isolated yields of the products 8 and 14, respectively (entries 6 and 11).
Silica gel was found be an effective solid support, while alumina oxides led to very slow conversion and side-products formation. The amount of the silica gel was optimized and was found that 2 g of per mmol of triazine is the best proportion.
The procedure presents an atom economy protocol as hydrogen chloride is the only byproduct of the reaction. This by-product was quantitatively quenched as ammonium salts during the reaction by the amine, used both as a nucleophile and as a base, thus preventing its release into the environment.
In order to study the role of the microwaves and of silica gel the formation of the melamine 4 was carried out in different reaction conditions, as shown on Table 2 . The conversions were followed by 1 H NMR spectra of the crude reaction mixtures by comparing the integrals of the signals for Ar-CH and CH 3 protons of the product with those for morpholino groups, which appear as a common signal for 2 and 4. Solutions of 2 and p-toluidine in decaline and mixtures of the same reagents initially impregnated on silica gel support were both irradiated in a microwave oven with a power of 800 W and heated conventionally at 160 o C. The latter is chosen on the basis of the temperatures measured at the end of the microwave reactions in decalin solution and on silica gel, 154 o C and 162 o C, respectively. As can be seen on Table 2 , considerable rate enhancement was observed in the presence of silica gel both under conventional heating and under microwave irradiation (entries 6,7 vs entries 1-3 and entry 8 vs entries 4,5), which is an indication that silica gel significantly promoted the reaction studied. On the other hand, the acceleration detected under microwave irradiation in comparison with the conventional heating in both cases (entries 4,5 vs entries 1-3 and entry 8 vs entries 6,7) demonstrates that microwaves assist the transformation as well.
The absorption spectra of the melamines were studied. All compounds absorb in ethanol at room temperature in the region 48 000 -30 000 cm -1 . It was observed that both electron donating substituents in p-position and prolongation of the conjugated system lead to a bathochromic shift with about 700 cm -1 of the longest wavelength absorption maximum ( Figures 1 and Figure 2 ). A large red shift was detected in the case of p-CN-substituted compounds 7 and 16 (about 4000 cm -1 ) that could be explained by the occurrence of a strong charge transfer between the morpholine unit and cyano group. The investigated compounds do not fluorescence in solution at room temperature most probable due to a rotation around the single C-N bond, which leads to radiationles deactivation of the first singlet excited state.
Conclusions
The microwave assisted solventless procedure, presented here, is a simple, fast, and highly effective method for the synthesis of melamines with flexible aromatic substituents. It is shown that both microwaves and silica gel accelerate the transformation studied. The conversion is complete within 3 min, which leads to a serious energy saving. The protocol presents an atom economy scheme as hydrogen chloride is the only by-product. The latter is quenched as an ammonium salt in the course of the reaction, thus avoiding its liberation into the air, which presents itself an additional environmentally benign synthetic advantage.
Experimental Section
General Procedures. All reagents were purchased from Aldrich, Merck and Fluka and were used without any further purification. Dichloromethane was dried over calcium hydride. The microwave irradiated reactions (MWI) were performed in domestic household oven Panasonic NN-S255W. Merck silica gel 60 (0.040-0.063 mm) was employed as a solid support. Fluka silica gel/TLC-cards 60778 with fluorescent indicator 254 nm were used for TLC chromatography and R f -values determination. The purifications were carried out on a Biotage Horizon TM HPFC system on silica gel. The melting points were determined in capillary tubes on MEL-TEMP 1102D-230 VAC apparatus without corrections. The IR spectra were taken on a Bruker IFS 113v as KBr discs and were quoted in cm -1 . The electronic spectra were scanned on a Lambda 25 (Perkin Elmer) UV-VIS spectrophotometer in ethanol; the energies of the absorption maxima (the longest wavelength absorption Franck-Condon transitions, ν abs ) were quoted in cm -1 . The NMR spectra were recorded on a Bruker AVANCE DRX 250 spectrometer in deuterochloroform; the chemical shifts were quoted in ppm in δ-values against tetramethylsilane (TMS) as an internal standard and the coupling constants were calculated in Hz. The low resolution mass spectra were taken on a HP 5973 Mass Selective Detector. The microanalyses were carried out by the microanalyses service of the Institute of Organic Chemistry, Bulgarian Academy of Sciences.
Synthesis of the starting chlorotriazines 2 and 10 2,4-Bis(morpholino)-6-chloro-1,3,5-triazine (2) 71 was prepared according to a literature procedure. 69 2,4-Dichloro-6-morpholino-1,3,5-triazine (10). 72 To a solution of cyanuric chloride (10 mmol) in dry dichloromethane (100 ml) Na 2 CO 3 (10 mmol) and then morpholine (10 mmol) were added and the mixture was stirred at 0 o C for 1 h. 
Synthesis of melamines 3-9. General procedure
To a solution of chloro triazine 2 (1 mmol) in dichloromethane (5 ml) an aromatic amine (2 mmol) and then silica gel (2 g) were added. The solvent was removed in vacuo and the mixture was irradiated in a microwave oven with a power of 800 W for 3 min. The products were purified by high performance flash chromatography on silica gel (1:50). The yields of the products 3-9 are summarized on (19) .
Synthesis of melamines 11-17. General procedure. To a solution of dichloro triazine 10 (1 mmol) in dichloromethane (5 ml) an aromatic amine (4 mmol) and then silica gel (2 g) were added. The solvent was removed in vacuo and the mixture was irradiated in a microwave oven with a power of 800 W for 3 min. The products were purified by high performance flash chromatography on silica gel (1:50). The yields of the products 11-17 are summarized on 
